O
steoarthritis is the leading cause of disability among older adults (1, 2) . The joint most commonly affected by osteoarthritis is the knee (3, 4) . The prevalence, disability, and associated costs of knee osteoarthritis are expected to steadily increase over the next 25 years because of aging in the population (5) .
Nonsteroidal anti-inflammatory drugs (NSAIDs) and acetaminophen are the most commonly used pharmacologic agents for treating knee osteoarthritis (6, 7) . However, according to a recent systematic review (8) , NSAIDs are only slightly better than placebo in providing shortterm pain relief and their effects are probably too small to be meaningful to patients (8) . Furthermore, many NSAIDs are associated with considerable side effects (9) . Gastrointestinal bleeding, the most clinically substantial effect (10) , causes approximately 2200 deaths and 12 000 emergency hospital admissions each year in the United Kingdom alone (11) and is of particular concern to older patients (10) . Acetaminophen may have a better toxicity profile than that of NSAIDs (6) . However, a recent systematic review (12) suggests that acetaminophen is modestly less effective than NSAIDs and that the clinical significance of acetaminophen is questionable because it results in only a 5% greater improvement from baseline in pain than does placebo in the short term.
The evidence for nonpharmacologic treatments for knee osteoarthritis is generally sparse and inconclusive (13) . However, 2 effective nonpharmacologic treatments are exercise (14) and weight loss (15) . Some patients with osteoarthritis, however, may have difficulty exercising or losing weight.
The need for additional safe and effective treatments for osteoarthritis is clear. Acupuncture is a safe treatment that has a low risk for serious side effects (16 -19) . Given its safety, whether acupuncture is effective for treating osteoarthritis of the knee is a highly relevant question.
Our objective was to conduct a systematic review and meta-analysis of the effects of acupuncture for treating knee osteoarthritis. considered older RCTs that were included in previous reviews of acupuncture for osteoarthritis (21) (22) (23) (24) for inclusion.
Two authors independently selected articles and resolved disagreements by discussion. Our selection criteria were published RCTs of acupuncture in patients who had received a diagnosis of knee osteoarthritis. We considered the 2 outcomes of pain and function. We applied no language restrictions.
We included only RCTs in which the acupuncture treatment involved the insertion of needles into traditional meridian points. The needles could be inserted into tender points in addition to the traditional meridian points and could be electrically stimulated. We excluded RCTs of dry needling or trigger-point therapy. We also excluded RCTs that compared only 2 different forms of active acupuncture.
We prespecified that trials have at least 6 weeks of observation. This criterion has not been validated as a threshold for study inclusion. However, we thought that RCTs with observation periods less than 6 weeks may also have methodological shortcomings (25, 26 ) that may exaggerate their results of benefits (27, 28) .
Data Extraction and Quality Assessment
Two authors independently extracted data and resolved disagreements by discussion. They extracted information pertaining to the quality of the methods, participants, interventions, and outcomes (including adverse effects). When a study reported more than 1 pain or function outcome measure, we gave preference to the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain and function measures because the WOMAC is the most widely used and thoroughly validated instrument for assessing patients with knee osteoarthritis (29 -31) . We contacted corresponding authors via e-mail and requested that they review the information we extracted from their studies, clarify any ambiguities, and supply missing information.
We evaluated internal validity of the RCTs by using an 11-item scale developed by the Cochrane Back Review Group (32) . We considered a score of 6 or more points to indicate high internal validity on the basis of data from ongoing research, in which 1 of the authors is involved. For the patient and outcomes assessor blinding items on the scale, we assigned sham-controlled trials 0.5 point rather than 1 point because we could not be certain that all shams were sufficiently credible in fully blinding patients to the treatment being evaluated. However, we assigned 1 point to sham-controlled trials that evaluated the credibility of the sham and found it to be indistinguishable from true acupuncture.
Acupuncture Assessment
No consensus exists on how best to assess treatment adequacy in acupuncture RCTs, and no methods have been validated (26). We used a method that involved assessing the adequacy of the following 4 aspects of the acupuncture treatment: choice of acupuncture points, number of sessions, needling technique, and experience of the acupuncturist. The adequacy of the sham intervention was also assessed by using an open-ended question. Two acupuncturists, who had previously used this adequacy assessment instrument for an earlier systematic review (33) on acupuncture, made these assessments.
The acupuncturists assessed adequacy independently and achieved consensus by discussion. Assessments were based on only the description of the study population and the acupuncture procedure. The assessors were blinded to the results of the study and the publication. We asked the assessors to guess the identity of each study being assessed to test the success of the blinding.
Data Synthesis and Analysis
We placed RCTs into categories according to control groups, which were sham, usual care, and waiting list. We defined sham control as a sham intervention that was designed to be credible as the active treatment. We defined the usual care control as groups that received some additional standard care therapy that was not provided to the acupuncture group and waiting list control as groups that received no care while waiting for acupuncture.
For our meta-analyses, we defined the short-term follow-up point as the measurement point closest to 8 weeks but no longer than 3 months after randomization. We defined the long-term outcome as the measurement point closest to 6 months but longer than 3 months after randomization.
Because some RCTs used the visual analogue scale version of the WOMAC instrument and others used the Lik-
Context
Previous studies have come to inconsistent conclusions about the effectiveness of acupuncture for treating knee osteoarthritis.
Contribution
This meta-analysis of 9 trials showed that sham-controlled trials identified no clinically meaningful short-term benefits in pain or function with acupuncture for knee osteoarthritis, although trials that did not use a sham control identified some benefits.
Implications
The use of different types of comparisons (sham acupuncture vs. interventions in which the participant knew whether they were receiving acupuncture) explains the variability in the conclusions of published trials about the effectiveness of acupuncture for treating knee osteoarthritis. Placebo or expectation effects probably account for the observed benefits.
-The Editors ert version, we used standardized mean differences as the principal measure of effect size so that the results of the RCTs could be combined. We calculated standardized mean differences (Hedge adjusted g) for all RCTs by using differences in improvements between groups divided by the SDs of improvements pooled from the 2 groups (34). For 3 RCTs (35-37), we made some conservative assumptions to compute the standardized mean differences (Appendix Table 1 , available at www.annals.org).
We used the DerSimonian and Laird (38) model, which is the random-effects model used in RevMan software, version 4.2 (Nordic Cochrane Centre, Copenhagen, Denmark) (39) . This model estimates the average treatment effect by incorporating heterogeneity among clinically diverse trials with different, but related, treatment effects (40). When heterogeneity exists, the model (38) assigns smaller studies more weight than they would receive in a fixed-effects model (40). To evaluate statistical heterogeneity within our trial categories, we used I 2 tests on all outcomes included in our meta-analysis.
We conducted sensitivity analyses for the short-term outcome of sham-controlled RCTs, restricting the analyses to RCTs assessed as adequate based on each item of the 11-item Cochrane scale (32) and the 4 aspects of the acupuncture treatment adequacy. We performed additional sensitivity analyses for funding source (industry vs. nonindustry) and follow-up length (Ն3 months).
We also evaluated whether the pooled effects of acupuncture met the threshold for minimal clinically important differences, defined as the smallest differences in scores that patients would perceive to be beneficial (29) . The clinically relevant effects for knee osteoarthritis have been esti- † For all sham-controlled RCTs, the schedule for the sham acupuncture procedure was the same as that of the true acupuncture procedure. For all waiting list-controlled trials, patients on the waiting lists were allowed to receive the current level of oral NSAID or analgesic therapy. ‡ For the 5 RCTs that used a waiting list control group (36, 37, 41, 47, 48) , we excluded all outcome measurements after patients on the waiting list began acupuncture. Sangdee and colleagues' trial (44) also had a measurement time point at 9 wk for responders only. All included RCTs reported results as WOMAC scores at all measurement time points listed. § Eleven Cochrane Back Review Group criteria: C1 ϭ method of randomization adequate?; C2 ϭ treatment allocation concealed?; C3 ϭ groups similar at baseline regarding the most important prognostic indicators?; C4 ϭ patient blinded to the intervention?; C5 ϭ care provider blinded to the intervention?; C6 ϭ outcome assessor (i.e., the patient for self-assessed WOMAC questionnaire) blinded to the intervention?; C7 ϭ co-interventions avoided or similar?; C8 ϭ compliance acceptable in all groups?; C9 ϭ dropout rate described and acceptable?; C10 ϭ timing of outcome assessment identical for all intervention groups and for all important outcome assessments?; C11 ϭ analysis includes an intention-to-treat analysis. "1" indicates that the criterion was adequately met; "0" indicates that the criterion was not met; "0.5" indicates that the criterion was partially met (for patient and outcomes assessor blinding criteria only); and "?" indicates that the criterion was not reported or was unclear.
Cochrane Back Review Group composite quality score (range, 0 -11; score Ն6 indicates good quality). ¶ For the formula style, the same fixed points were used for all patients. For the flexible formula, a fixed formula was used and some additional points were chosen according to the symptoms of the patient. ** For 2 RCTs (41, 42), the number of patients randomly assigned was not clear. For 1 trial (41), we assumed the number of patients randomly assigned on the basis of context. In the other trial (42), we report the number of patients analyzed rather than randomly assigned. † † Data obtained from authors. ‡ ‡ Score of patient-assessed outcomes/score of blinded observer-assessed objective outcomes. § § For this RCT (45), 5 additional acupuncture sessions were administered if the treatment was graded as partially successful after 6 wk. Patients in the second acupuncture group of this RCT (37) were prohibited from taking current NSAID or analgesic medication. We excluded this group from the meta-analysis because patients receiving acupuncture in all other RCTs were not prohibited from taking current medications. mated to be standardized mean differences of 0.39 for WOMAC pain and 0.37 for WOMAC function (29) .
Role of the Funding Source
The study was funded by the National Institutes of Health, National Center for Complementary and Alternative Medicine. The funding source had no role in the design, conduct, or reporting of the study or in the decision to submit the manuscript for publication.
RESULTS

Study Characteristics
We included 11 RCTs (35-37, 41-48) of 2821 patients with osteoarthritis ( Figure 1 ). All studies but 1 (42) were published in English. We obtained unpublished data from 8 authors (outcome data [43, [45] [46] [47] [48] and methodological information [35, 36, 41, 46] ).
The Table shows the most important characteristics of the 11 RCTs. All RCTs included patients with a mean duration of osteoarthritis knee pain of 5 years or more. For all RCTs, patients had to have received a diagnosis of knee osteoarthritis to be eligible. All but 1 study (44) RCT ϭ randomized, controlled trial. These adequacy assessments were partially unblinded because the assessors were already aware of the identity and results of 3 trials (36, 43, 45) . Among the 7 RCTs that included a sham control, we considered the 4 (43, (45) (46) (47) with the highest internal validity ratings on the Cochrane Back Review Group scale (Table) to make up the bulk of the evidence for our review. All 4 RCTs were published since 2004 in the world's leading health care journals. Three of the 4 also included a nonacupuncture control group (43, 45, 47) . Only 2 of the 4 had any obvious methodological flaws, which were due to higher dropout rates in the sham group for 1 RCT (46) and in the usual care group for the other RCT (43).
Four RCTs did not report funding sources (35, 37, 41, 42) . Three (36, 43, 46) were funded by government grants, 1 (44) by a university, and 3 (45, 47, 48) by health insurance companies.
Efficacy of Acupuncture
Compared with a sham control, acupuncture provided clinically irrelevant short-term improvements in pain (standardized mean difference, Ϫ0.35 [95% CI, Ϫ0.55 to Ϫ0.15]) and function (standardized mean difference, Ϫ0.35 [CI, Ϫ0.56 to Ϫ0.14]), but the results were heterogeneous (Figure 2) . Compared with sham acupuncture, acupuncture also provided clinically irrelevant improvements at 6 months after baseline (Figure 3) . Patients receiving acupuncture reported clinically relevant short-term improvements compared with patients in waiting list and usual care control groups (Figure 4) . These clinically relevant improvements were largely maintained at 6 months for trials with usual care control groups ( Figure 5 ).
Safety of Acupuncture
Only 3 RCTs (43, 45, 47) described adverse events across groups in detail, and they found that the frequency of adverse events was similar between the acupuncture and control groups (Appendix Table 3 , available at www .annals.org). Pooling of adverse events across these 3 RCTs was not possible because of limited reporting and heterogeneous methods. No serious adverse events were reported to be associated with acupuncture. The frequency of minor side effects of acupuncture, primarily minor bruising and bleeding at needle insertion sites, ranged from 0% (36) to 45% (44) . These frequencies varied widely because of het- 
Sensitivity Analysis
Only 2 of the 17 sensitivity analyses affected the results. These were the analyses on patient blinding and funding source criteria, both of which restricted the analysis to the same 2 RCTs (45, 47) that used superficial needle-penetrating shams. These pooled results were no longer statistically significant for function (standardized mean difference, Ϫ0.22 [CI, Ϫ0.52 to 0.07]) and were only borderline significant for pain (standardized mean difference, Ϫ0.22 [CI, Ϫ0.44 to 0.00]).
DISCUSSION
Current evidence from several large-scale, high-quality RCTs suggests that acupuncture may be an effective treatment for older patients with osteoarthritis of the knee. However, drawing general conclusions is complicated because the effects of acupuncture differ depending on whether acupuncture is compared with a waiting list, usual care, or sham control. The pooled effects of acupuncture were clinically relevant when compared with the waiting list and usual care controls but were not when compared with the sham control.
The clinically relevant effects of acupuncture when compared with the usual care and waiting list controls might be partly attributable to placebo effects of the acupuncture setting (for example, context factors, talking and listening, and credibility of the intervention) (49) . Indeed, the fact that both the acupuncture and sham groups reported greater improvements than those of the usual care control groups (43, 45) suggests that acupuncture may elicit a greater placebo effect or meaning response (50) than usual care therapies.
Patient preferences and expectations may also partly explain the findings. In both usual care-controlled trials (43, 45) , for example, more patients discontinued treatment in the usual care groups than in either the acupuncture or sham acupuncture group, and most dropouts occurred immediately after treatment assignment. These differences in dropout rates suggest that at least some patients had prerandomization preferences for acupuncture. Any such pretreatment preferences may have influenced later assessments of outcomes (51). Patient expectations that acupuncture will work may also affect patients on a Point estimates and 95% CIs are shown for the standardized mean difference in each study. Summary estimates of the standardized mean differences and their 95% CIs are given by random-effects (DerSimonian and Laird) models. I 2 values were 42% for waiting list-controlled trials and 0% for usual care-controlled trials for the pain outcome and 39% and 0%, respectively, for the function outcome. Point estimates and 95% CIs are shown for the standardized mean difference in each study. Summary estimates of the standardized mean differences and their 95% CIs are given by random-effects (DerSimonian and Laird) models. I 2 values were 0% for the pain outcome and 0% for the function outcome.
waiting list. By having to wait for a treatment that they believe is effective (48) , patients waiting for acupuncture may be disappointed by the delay, which may influence their ratings of subjective outcomes while waiting. However, despite the limitations of the usual care and waiting list comparator designs, these designs may still best approximate the average likely response to acupuncture in clinical practice, in which treatment effects and placebo factors, expectation effects, and patient preferences may operate (52) .
A sham comparator is intended to control for patient expectations and placebo effects and thereby can estimate the effects of acupuncture due solely to the point-specific placement of the acupuncture needles. A sham control should preferably be physiologically inert (53) but also credible enough to patients to control for placebo effects. Ideally, investigators should test the credibility of the sham by asking patients to guess the treatment assignment, rate the credibility of the treatment, or both.
For the 2 sham-controlled RCTs (44, 46) that found clinically relevant benefits of acupuncture compared with sham, the credibility of the shams was not tested. In 1 of these RCTs (44), the sham involved patch electrodes that used mock electrical stimulation and were attached to the same 4 knee points used in the true acupuncture group. Because no needles were used, patients randomly assigned to the sham group probably did not believe that they were receiving traditional acupuncture, although they may have believed that they were receiving a credible treatment (54) . In the other RCT that found large, clinically relevant benefits of acupuncture (46) , the sham needles did not penetrate the skin. Although some shams with nonpenetrating needles have demonstrated credibility among acupuncturenaive patients (55) , the credibility of the sham in the RCT (46) was not tested among the acupuncture-naive patients. Thus, we cannot be certain that this nonpenetrating needle sham was believable for all patients. Although some unblinding may have occurred in these 2 RCTs (44, 46), a possible alternative explanation for the clinically relevant benefits observed is the intensive electrical simulation used at all local knee points, which may produce stronger analgesic effects than manual stimulation of needles (56) . After excluding these 2 RCTs (44, 46) in a post hoc sensitivity analysis, we found that the results of the other RCTs that compared acupuncture with sham became almost homogeneous and the pooled results remained statistically significant for pain (standardized mean difference, Ϫ0.18 [CI, Ϫ0.29 to Ϫ0.06]) and function (standardized mean difference, Ϫ0.20 [CI, Ϫ0.36 to Ϫ0.04]).
The third large RCT (43) used an innovative sham acupuncture procedure that involved a combination of penetrating and nonpenetrating needles. In the RCT, most patients believed that they had received true acupuncture at the 4-week credibility test, but patients in the sham group were more likely than those in the acupuncture group to believe that they had received sham treatment at the 26-week test. However, at the 26-week test, patients in the sham group may have been more likely to guess that they were receiving a sham treatment because they were experiencing no benefit (57). In fact, asking patients to guess whether they were assigned to a true or sham treatment is controversial because correctly guessing treatment assignment could be highly correlated with a treatment's effectiveness or lack thereof (57, 58) .
The other 2 large RCTs (45, 47) used superficial needle-penetrating shams, which involved an average of 10 (45) to 13 (47) needles inserted superficially at nonacupuncture points. These RCTs found no (45) or minimal (47) clinically relevant differences between true and sham acupuncture, yet they found clinically relevant differences between either acupuncture group (that is, true or sham) and the nonacupuncture comparison groups. Although the needle-penetrating shams used in these 2 RCTs were sufficiently similar to true acupuncture to ensure adequate blinding, they were so similar to true acupuncture that they may have had weak physiologic activity and may have not been true placebo controls (53). Although these sham controls were designed to be inert by involving needles placed superficially and away from acupuncture points, in reality, the avoidance of all 400 estimated acupuncture points in the body (59) may be impossible. In fact, the shams used in these 2 RCTs (45, 47) were judged to be probably physiologically active and inappropriate as controls in another recent systematic review (24) . Weak physiologic activity of superficial or sham needle penetration is suggested by several lines of research (53), including RCTs showing larger effects of a superficial needlepenetrating acupuncture than those of a nonpenetrating sham control (44, 60) , positron emission tomography research indicating that sham acupuncture can stimulate regions of the brain associated with natural opiate production (61) , and animal studies showing that sham needle insertion can have nonspecific analgesic effects through a postulated mechanism of "diffuse noxious inhibitory control" (62) . Indeed, superficial needle penetration is a common technique in many authentic traditional Japanese acupuncture styles (63) .
In these 2 RCTs that used superficial needle-penetrating shams, the findings of no (45) or minimal (47) clinically relevant differences between acupuncture and sham groups and clinically relevant differences between either acupuncture group (that is, true or sham) and the nonacupuncture comparison groups may also be due to the setting and the resulting patient selection. The 2 RCTs were funded by German insurance agencies to determine whether acupuncture should be reimbursable (64) . Participating patients and physicians probably knew that patients would not need to pay for their acupuncture treatments out of pocket in the future if these RCTs had positive results (65) . This context may have created a possible financial incentive for patients to overstate benefits of the treatment that they believed to be acupuncture, which in these well-blinded trials (45, 47) were the true and sham acupuncture treatments, and to understate assessments of nonacupuncture controls. Such biased assessments may have contributed to an overestimation of acupuncture effects compared with the nonacupuncture control and a possible underestimation of any difference in effects between true and sham acupuncture.
Our findings that the pooled effects of acupuncture are statistically significantly superior to those of sham treatments agree with the findings of another recent meta-analysis (24) . This is encouraging, considering that the 2 metaanalyses used different definitions of short-term and longterm time points and different data for calculating effect sizes (for example, we obtained unadjusted data directly from RCT investigators, where possible, rather than extracting data from publications). Also, the earlier review (24) did not include the large, very recently published pragmatic trial (48) that we included, but did include 3 small, positive RCTs (66 -68) that we excluded because of short duration. In the earlier review (24) , sensitivity analyses were conducted by using overall quality scores, and these analyses were largely uninformative. Because using overall quality scores can be problematic (69, 70) , we used each individual item related to risk for bias for sensitivity analyses in our review. Finally, in the earlier review (24) , the authors grouped together RCTs that compared acupuncture with a waiting list or usual care control group but considered this pooled analysis to be weak because of large statistical heterogeneity. In contrast, we prespecified separate comparisons of acupuncture with waiting list and usual care controls and found fairly low heterogeneity. Indeed, our separate analyses on the effects of acupuncture compared with sham, waiting list, and usual care controls and our use of the minimal clinically important difference measure largely informed our discussion and conclusions.
One potential limitation of our review is small study bias by the trend of an inverse association between trial size and effect size (Figure 2) . Funnel plots and the Egger regression statistical test also suggested possible small study bias, although the underpowered Egger test had only a nonstatistically significant trend. Although we cannot rule out the possibility that small, negative, sham-controlled RCTs were not identified or were never published, such RCTs would probably not have influenced our findings because any such small, negative studies probably would not have met our 6-week minimum duration criterion. Indeed, we excluded 2 small sham-controlled trials (67, 68) because of short duration, but both were positive. Small study bias may also be caused by an overestimation of treatment effects in smaller trials because of their generally lower internal validity (27) . However, in our review, the small study bias was suggested among a set of RCTs that were of high internal validity. A possible alternative explanation for the observed association between trial size and effect size in these RCTs is a less thorough implementation of the acupuncture intervention in the larger trials. For example, the largest trial (45) , which showed the smallest differences between acupuncture and sham treatment, was conducted at many practices (n ϭ 315) by many physicianacupuncturists (n ϭ 320). Monitoring adherence to the predefined acupuncture and sham protocols may have been difficult in this context (45) . In contrast, the smaller trials with the larger effects (44, 46) were each conducted at 1 site by 1 acupuncturist.
Future sham-controlled RCTs should ideally use physiologically inactive, yet credible, shams (53, 54). For those that assess longer-term outcomes, current RCT results (43, 47) suggest that maintaining monthly acupuncture treatments in the months before the longer-term assessment may be important.
Our findings of no or minimal clinically relevant effects of acupuncture compared with sham but marked clinically relevant effects of acupuncture compared with a waiting list or usual care control group suggest that placebo effects or the elicitation of the meaning response (50) are largely responsible for the effects of acupuncture. However, acupuncture also seems to have a genuine biological effect, suggested by the small short-term improvements in pain and function compared with sham. Although the improvements provided by acupuncture compared with sham were statistically significant when pooled, we found important heterogeneity of the results, which may be due to differences in sham interventions, acupuncture protocols, settings, and varying proficiencies of the acupuncturists. Because of heterogeneity and small effects, current estimates should be regarded as preliminary. It is too soon to recommend acupuncture as a routine part of care for patients with osteoarthritis. At least 3 large and rigorous shamcontrolled trials, 2 still ongoing and 1 recently completed but not yet published, will have a major effect on the existing evidence. Safety is best determined with large prospective surveys of practitioners, and 3 such surveys (17) (18) (19) show that serious adverse events after acupuncture are rare. No adverse events were associated with acupuncture in our review, although heterogeneous reporting and relatively small sample sizes limit the usefulness of our data. Because acupuncture may have small short-term effects, some clinicians and patients may consider acupuncture as 1 treatment option in a multidisciplinary approach (13) 
